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FORIYORD

Tris revort is tased upon research which was conducted by the University ol
Touisville under USAF Contract No, AF 33(032)-10125. The contract consthituted a
sub-project under a project identified by Research and Development Order 691-17,
"Nesion and Arrangement of Aircraft Controls." The sub-project was 69L4-17C,.
WFactors Influencing Speed and Accuracy of Manual Movement." The contract was
administerec by the Psychoiugy Branch of the Aero Wedical Laboratory, Directnrate
of Research, Wri~ht Air Tsvelopment Center with Dr. W. C. Biel, Hr. M. J. Warrick
and Yr. R. L. Yorgan actine as Project Engineer during successive phases cf the
contract, The data were collected by Mc. W. F. Lowe, analyzed bty Mr. Gene Farr
and Dr. R. B. Ammons. Film records were developed and orinted by the Photographic
Services Tenter, Wrisht Alr Develcpment Center.
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ABSTRACT

Techniques are availaole for the analysis of complex motor activities such
as industrial assembly opzrations; and, the apvlication of these techniques has
contributed o thne development of both improved methods of operation and more
effeciive training programs. Despite their rotential value, techniqueec have not
been perfected, as yet, for the analysis of 2 conbinuous, skilied response. The
oregent experiment revresents an attenpt to determine the valusz of wotion nictwres
as a technigque for recordung, analyzing and classifyine {he movements which are
made during the performance of a continuous, perceptual-motor task,

A Stuav was pade of changes in rotary pursul form
of practice, introduction of rest veriods, increased accurac ul i
increased raie requirements., totion picture recordlnws were made, and all move-
ments were classified into categories or types. An evaluation of the results
indicated that they could be described simply in terms of changes of the rove-
ments from maladaptive and inaccurate to adaptive and accurate. It was proposed
that the less effortful the particuiar conditions of the task, the more nearly
performance will approach the optimum, with the less-adartive movements dropping
out. Also, it was suggested that the more effortful erroneous mcvements drop
out more rapidly than ihe less effortful ones.
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It was concluded that motion ricture recordings are a feasible technique
for the analysis of at least rather simple, continuous responses. This technique
should be useful in further irnvestigations of skilled performance and in programs
which are designed first to find, and then to teach, the optimally effective
methods of performing certain contimuons tasks.

PUBLICATION REVIEW
This report has been reviewed and is anproved,

FOR THE COMMANDEK:

JACK BOLLERUD
Colonel, USAT (*C)

Chief, Aero MWedical Laboratory
Pirectorate of Research
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INTRODUCTION

Micromobion study has been used cyeiematieally and with reasonable success

iMustrial envineers since the Gilbreths for the practical stuay of percepiuai-
motor tasks. Essentially, motion study involves (a) making a semipermanent rscord
of = varticular activity, (b) analyvzing the activity into a meaningful set of
comronents, and {c¢) studyirg the performance of these components with an eye to
ereater efficiency. The recording method fcund most satisfactory by the Gilbreths
and their successors in the field was the motion picture, often taken at nigh
speed 50 that it could be slowed down dwing subsequent study and analysis of
the movements., Records have also been made in other ways, as for examrle, by
making photogravhic time exposures of the movements of lishts attached to various
parhs of %tue body, or making clock or pelysraph records of the total duration of
scme movement completing an elecvrical circuit,

The probler of developins & nvaninOfu1 set of componentq into whick te
analyze an activity is not too difficult where ths activity is rather complex,
4s 1., the case of industrial assembly operaticns, The Gilbreths proposed a set
of seveateen classes of motion elements (“therbligs®), including search, select,
arasn, transpert empty, transport loaded, etc. Although other workers have sug=-

zested different classifications, those of the Gilbreths are still the most widely
used.

The study of the component movements or movement e2lements is carried on
by timing their durascicn and by examination (usually subjectlve) of their
arplitude and direction in relation to the rest of the task. A more extended
discussion of the vrocess cf motion analysis than is here npcessary can be found
in books dealing with time and metion study (e.z., 5). Suffice it %o say that
once such an analysis has been wmade it is possible to set up a standard method

of performing the task and aim traiming programs in its direction.

Many motion studies have been concerned with the skilled performance of
some particular "complex" behavior (involving numerous therbligs) as affected by
mechamical conditions, e.g., the putting of pegs into holes with varying tapers.
Some studies have dealt with a "simple" (one therblig) movement, such as "trans-
rort loaded". e.o_. carryving a ven from its desk set to the letter to be signed,
or moving a slider to a point on a scale. Perhaps because of the simple elements
involved and their presence at a high level of learning in most Ss; there has

heen littlie study of the nrocess of actually learning to make these simple move-

ments.

Perhaps the most widely studied simple movement has been m*ary pursuit.
The task calls for “eening the point of a stylus on a circularly revolving
target set flush wiih the top surface of a pvhonograph~iike turntable. This task
was used succescsiully as a test for selection of airplane pilots durlng World
Yar ITI {11), and is sensitive to 2 wide varletj of variables significant in
training programs with much mere complex skill Unfortunately, only cvne aspect
of rotary pursuit has been extensively 1nyest1zated, the total time on target
for an interval of five or more seconds, although some information is available
about the duration of the "“hits" (individual movements keeping btlie stylus con-
tinuously in contact with the target) and their dist=ibution in time,

It is khown that the course of rotary pursuit learning defined as time on
target is affected as follows by increased accuracy requirement, increased rate
requirement, amount of practice, and temroral distribution {spacing) of practice
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periods., Increased accuracy requirements: Decrease in size of target is
acconmpanied by a decrease 1n total time of stylus-target convact roughly pro-
portional to area of target, and overall slowexr improvement in performance (9).
Increased rate requirzment: Incresse in rate of target rotation leads to less
Total stylus-target conta~t timz and slewer improvement in performance (9).
Amount of practice: As the subject (S) practices longer, his total stylus-
Target contact time per unit time increases (2, 8, 9, 10), wnless a rest of
five minutes or longer is introduced (2, 10) and followe? Ly relatively massed
practice, Number and mean duration of contacts per unit time increase with
practice {3)., Temooral distribution of oractice periods: If duraticn of practice
periods is kept constant, and time between trials is increased from zero, total
time of stylus-target contact increases gt least until the rest periods are of
+wo minutes duration (2, 8, 10). Number and mean duration of contacts increase
more rapidly and are greater with distributed than with massed practice (3, L}.

We have seen that relatively complex skills ¢an be analyzed inuo components
suitable for consideration in training programs. Perhaps it is also possible
to analyze more continuous, skilled responses into commonents and thus determine
the optimal procedure for their performance. And, with precise knowledge of
results, an operater could be trained to eliminate inadequate movement components
while adopting more efficient moverents. Since the analysis of complex acvivities
has been valuable, there is reason to expect comparable value from teciiniques
for the analysis of contimuous skilled movements.

There is another potential value of 2 methed for the analysis of continuous
perceptual-motor activities. These activities are sensitive to the effects of
such variables as practice, distribution or praciice, and rate and accuracy re-
quirements. By developing a method for the analysis of continuous skills we
cculd set up the basis for determining the effects »f these variables much more
precisely than when only the results of "successful! component responses are
studied., The availability of more detailzd information concernineg tiaining
variables undoubtediy would facilitate the development of optimally cffective
training situvations. Alithougn the information obtained from one tvoe of con-
tinuous task may not be applicable to other tasks, it is hoped that evenuually
the analysis of such tasks will indicate commcn response compcnerts and areas
where wide generailzation of information is permissible.

PROBLEM

The purpose of the present study was to develop a reliable method of.recording
and classifying movements during rotary ovvrsuit, and to use this method to study
changes in rctary pursuit performance due to duration of practice, introduction
of rest periods, increased accuracy requirements, and increased rate requirements.

METHOD
Subjecis;

A total of Sl male, undergraduate college students served as Ss. All were
wvelunteers, naive to the apparatus; none suffered from serious visual or motor
defect. No Sa failed to complete the experiment.

WADC TR 54-36 2




AEEaratus:

The following pieces of apparatus were
ugsed: stylua, ,urntabl timers, a neon signal
bulb, ecamera ‘Flth tf*ncd. vhotcflnod lights
with clamps, a contrcl unit, and a film viewer.
The stylus was hinged in the middle to prevent
S's putting pressure on the tip., The hinged
section was approximately six and a half inches
in length and was tipped with silver. Figures
1 and € picture the stylus alona with other
pieces of apparatus., A more detailed description
of the stylus has been published elsewhere (1).
The turntable.was a circular black plastic
disc¢ 11 inches in diameter mounted on a
phonograph turntable and turned by s variable
speed phonograph motor. The 1/4-in. and 3/lL-in.
brass targets were set flush with the turntable
surface in interchangeable sectors, with their
centers 3 1/l in. from the center of the turn-
table, The turntable arrangement has alsec
been described in more detail elsewhere (12).

Two .00l1-min, 6V DC Suandard Electric
Figure 1. La;out of Apparatus timers were used. Both were set on the side
of the rotor box, facing urward toward the
camera, as shown in Figuwres 1 and 2. One ran
contintously during practice veriods, vroviding
a check on the duration of these periods and
on the rate of revolution of the turntable.
The secord timer was wired in the ¢ircuit
with the stylus and target, so that contact
between them would cause it to operate, and
with the neecn signal bulb which 1rﬂ1cd‘bed

m~dwveTaam~ & 4 S
stylus~torget oivovit 9'\“-7\1 atinne for nhn+n_

graphlu purposes but was shielded so that the
S could not see it. The circuit has been
described in detail elsewnere (7). Basically
it consisted of an electronic relay system
which allowed either &V DC or 1107 DC to
operate the neon bulb and Limer.)

§

Ji_J(

?

M o e -t 3 1
The camera; which ha mm. wide

angle lens and was capable of taking pictures
at the rate of 16, 32, or 64 per second, was
mounted on a triood in a nosition directl;
over bhe center of the turnbtable, pointin,,
down toward it., The lers and the turntabile
surface were separated by a distanece of 29 1/L
inches. Photoflood lamps were fzstened to the
Figure 2, Clesenp of Turntable and tripod so as to illuminate the turntable with-

. out shining intc S's face or the camera, A
Lcconmpanyring Apparatus =

[N
£

)
~3

1. Since the voltage in the stylus-target circuit was found to have no detvzcta:le
effect on scores, 1t will not be mentioned furtler here,
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simpiz switch arranzement served as a coubiol te start and stop the twrntable and
4

the timer simulitaneously.

=t
N

A R221 and Howsll Filmo 16 mm. viewgr with 3 by 2 inch screen was used

subsequently ‘o view the film positives.
Designe

The Ss were randomly assigned to one of the eight exverimental conditions until
there were eight Ss in each, or a total of 6l;., The eight conditicns represented
the eight cells in a 2x2x2 factorial desiszn for testing the effects of three vari-
ables: (a) accuracy requirement, 1/L- or 3/l- inch target; (b) rate requirement,
target revolving at L0 or £0 rpm; znd (c¢) distribution of practice, 0 or 50 sec
between successive 20-sec brials., It can 5= seen Lhav scores for ail 8L Ss can
be used to make each major comparison, 32 in each of two groups. The Ss practiced
a total of eigh* min, and photorraphic records at 32 pichures per sec were made of
performance during “he first and last 20-sec periods.

Procedures

The Ss were tested one at a time. After havins been assigned to an experi-
mental condition, they were shown where and how to 3tand and how to hold the stylue.
The target was to be followed with the stylus held in a loose grip =ith no attempt
made to put additicnal pressurs on the tip of the stylus. The operztion of the
camera w2s explained, and it was pointed out that it wouid be necessary to run the
camera more than once during the practice period., Any pertinent questioas were
answered by rephrasing the irstructions, the camera was started, then the turntable,
timers, and neon light were switched on. When the cawera had used up the 100 ft
of film which its magazine would hold, it was turned off and relocaded., At approxi-
mately sixty-five sec from the end of practice the camera was started again. At
both start and finish it was run only during actual practice with a safety margin
before and after distributed trials {those separated by 50-sec rests). Verbatim
instrictions are given in the Appendix of this vaver.

Scorings

Before any analysis could be made, a method of classifying movements and of
using the classification had to be developed. Several persons experienced with
rotary puwrsuit listed all types of movements they could think of, then attempted
1o classify the movements made by Ss in several triai fiims studied with the film
viewer. The list of movemenis was then revised into the final series civen Lelow
and each type war defined as indicated.

1A, Pause, Stylus tip is {touching the turntable but no movement can be
detected in the stylus.

1B. Pause. Stylus is cowpletely withdrawn from the turntable and cannct
be seen on the film.

2. On target. Stylus tip touches brass target a* some point. (This was
>d primarily in terms of whether or not the neon signal kulh was on or off,

Z. The Proiect Director wishes to express his pgratitude for the excellsnt work
done by the Photographic Services Center, Wright Air Development Center in
developing ard yrinting the films,
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although in a few cases the physical contact was judged to have been made, even
though the eilectrical circuit was not completed to turn cn the neon bulb.s

3. Reverse movement, A movemeni of the styius tip in a direction opposite
to that in which tne target is moving,

L. Tapping. Lifting the styius tip from the turnteble and dropping it ia
successive movements,

5. Loopinge A circular motion of the stylus Lir around the target at ths
rate of at least four revolutions during one complete revolution of the turntable.
This must be within the 120 degree target segment.

6. Crossing. Yoving the stylus tip from one side of tr.. turntable to the
other in an attempt to cub short to the targeh.

7. Criss-crossing. Moving the stylus tip from left to right and right to
left in short strokes around the target area., Movement can also be up and down.

8. Circling outside, Moving the stylus tip circularly on the turntable, bubt
more than 60 degrees from the target.

-
——/

Figure 3. Schemabtic Diawing of Fetary Pursuit
Turntahle for Determining Types of Movements.

9. Leading, cluse approximate. Within (O desrees of target. Not usea
as such. -

OA. Leading outside. See Figure 3

Px

9B. letding inside. See Fipure 3,

9C., Leading accuraite, See Figure

M

WADC TR 5/=3

\n




10, Foiricwing. Within A0 dezrees cf target. Not used as such,
10A. Following outside, See Figure 3,

108. Following inside. 3See Figure %,

10C. Following accurate. See Figure 3.

11, Accurate. On a radius with the target, with a motion parallel to it.
Not used as such.

11A., Inside aczurate.

~, 2 -~ v
1]—8. Vutslde ATIUTG e

12, Straicht line to target, but not crossing near center of 1rotor,

13. Unclassified.

For classification and scoring purposes, the films werc observed trame by
Irame With a2 viewer, A plastic guide was vlaced with its center at the center of
the turntable image, and with lines radiating from this center every 15 degrees,
starting at the vertical upwards or 12-o'cloch rosition. The resulting 2L sectors
were numbered from 1 to 2L in a clockwise direction, 1 being the sector between the
vertical upwards line and the first 1ine to its right. See Figure L for a picture
of the guide. The film was then read by making a running record of successive

Firure li. Schematic Drawing of the Scorine
Guide for Use with Film Viewer.
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movements and their duwrations in nurbers of sectors. It should be noted that 20
revolutions were scored per trial for the 60-rpm Ss, while only 13 1/3 were scored

[ . . ~ e~ . 0
for the ,O-rom 35, since trials were of 20-3ec dvration.

RESTJLTS

For each S, a tebulation of novements was made separately fcr the first and
lact 20-sec trisls. This tabulation showed the number of each type of movement,
and the duration of each separzte movement. From the tabulation certain other indices
were derived. Tovual duration of a piven movemenrt was simply the total time it was
beiny made during a 20-sec trial. *ean dwuration of a given mcvement was the average
of the durations of serarate movements of this tyve’'during a 20-sec trial. By
averagine for all Ss in a certain froun for a 20-sec trial, it was possible to
cbtain the mcan number of each tyve of movement, the mean total duration of each
tyrpe cf movement, and the mean mean duration of each tyme of movement,

Reliability of Scering of Movements:

Tt was possible to estimate the reliability of the scoring in two different
ways. TaAo seorers scored a single 20-sec record inderendently, The results may
be seen in Figure 5. The agreement as to total duration of each type of movement
is obviously very high. The agreements on numbers and mean durations, components
of total duration, are sowewhat lower, The coefficients of profile simijarity
(6) were .20, .40, and .20 respectively for the three indices, Iindicating very
hizh similarity, moderate simiiarity, and low similarity according to Dulfas.

The second way of estimating the reliability of the scoring is by comparing
groups which should have the same scores except for ssmpling errors. Figures 12,

13 and 1% show the verformance of the distributed and massed practice groups for

the initial 20 sec of practice. Since both groups presumably received the same
treatment up to the end of this veriod, their scores should be essentially the same.
It can bz seen that tie curves for mean total duration (Fig. 12) and mean number
(Fig. 13} are very similar. The curves far the mesn mean duraticn (Fiz, 1L) are
somewhat less similar. The coefficicnts of profile similarity are respectively

35, .89, and L)), showing the same trend as the graphs. The reliability of the
first two measures is adequate for group commarisons:; however, the relatively low
reliability of the mean duration scores sug~ests that some caution should accompany
any attempt to assisn significance to group differences on that score.

As this is primerily a descrivntive study, no complicated statistics will be
reported. Oraphs will be used %o present the findings, and only major findings
will be mentioned and discussed. TFor ihis reason, no fuarther comments will be
made about rovemsnts 18, 2, L, 5, &, 7, 12 and 13, whose incidence was very low.
Findincs concernine the remainder of the movements are corganized inbto ssctions
dealins with the effects of {a) accuracy requirements, {b) rate requirements,

{¢) distribution of practice, and (d) amount of wractice., BRecanse of the ex—
ploratory nature of the study and the relatively small number of Ss in the ultimate
groups (N = &), with but one exception, none of the many possible interactions

hav= hecn calculatad. The one exception is the interaction between the first

three variables and amount ¢l practice. For each variable two sets of graphs are

presented — one for the initial 20-sec trial and one for the final 20-sec trial,
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Effects of Lccuracy Requirements

1t will be recalled that 22 Ss practiced with a small (1/ii-in.) tarset and
with a larrer (3/ii-in.) tarset. The .:ffects of this variation in accuracy
drement on the varisus tyres of movement seem to be as follrows. Resulis are
niven sraphically in risures 6, 7, and &,

1A - Stvlas tin on hturntable but not mov1nq.3 Srouns show little difference
in mean numbcr, while 1//4=in. srouo versisted lonser in each such movement and
consequently accumulated a largei total duraiion.

2 - Stylus and taraet in contact. The group witi: the larger target showed
a =reater total duration, mean drration, and number. The increase with practice
was vproportionately greater for the groun with the small target.

€ - Circular motion, but not rcar target. Greater total duration, sreater
number, and loncer mean duration were found with smaller target. All uhree inter-

«cted with wractice; the ~roup with the larger targel showinr a zreater drop.
9A - Leadinfr: outside, close to tarset. Greater total duration; creater

number, lon-er mean duration with smaller target.

B . Leadinz insid lose to target, OGreater total duratiorn and number wiﬁh
smaller tarcev. “can duration interacted with practice, the grour with the smaliier
target showing an increase.

SC - Leading accurale. The 1 4-in. target srouv shcwed a gain in number, with
no change in m¢an duration, thus an increase in total duration.

% - Polleowing cutside, Creater totazl duration and number are found with
smaller tauvcet, All three measures interact with practice, the group with the
larger target showing a propcriionately greater decrsase in each,

108 - Followinr inside. Same as 10A.

100 - Followine acourate | Yean du

Number and total duraticn 1ﬂteractpd W
target showins a zreater decrease.

11A - Accurate inside. Number and total duration interacted with practice,
the group with the larger target showing prorortionately less. Greater total
duration and number are found with smailer target.

11R -~ Accurate outside, 3Same as 11A.

Effects of Rate Requirements

has already bteen expiained, 32 Ss practiced with the tiurmtable revolving
40 #pm and 32 with it revolving at 60 rim. Results of analysis are presented
Figures 9, 10, and 11, Tt should be remembered that these comparisons are
sed on 20 revolutions for the 60-rpm ~roup and only 13~1/3 revolutions for-the
-rom oroup, The most important rate effects were as follows.

]
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—
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2. Onis rough descriptions of the movemenis will be siven in this seciion. Saee
¥athods section for more precise descririlions,
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1A - Stylus tip en vurnt 3019 but not mevins. This occurved only during {irst
20 sezec., The 60-rpm group had the greater rmean duwration.

2 - Stylus and target :n cortact. The LO-rpm sroun was hizher in total duratinn
but made a uxoporflonauely smallier gain with practice, The éu—rpm oroup made a
proportionately largzer sain in numter and mean duraiion.

t. a
= 3
za

& - Circular motion, but not near tarpet. The 60-rpm rroup shewed a ~reater
total duration, nwnber and mean duration.

9A and 9B - Leading outside and inside, respectively, close to target, Eal
effect was quite smali.

9C¢ - Leading accurate. Rate had little or no effect on the indices. The
60~rpm group showed a greater relative total duration, nurber ond mean duration
after some vractice.

108 znd 10B - Followino outside and inside, vespectively. The &0-rpm group
showed a greater total duration and number. Durine the first 20 ser the mean
duration for the LO-rpm group is greater.

10C - Following accurate. The 60-rpm group showed a shorter mean duration.
Number and total duratior interacted with practice, Uhe 40-rpm group decreasing
proportionately more,

1JA - Accurate inside. The oO-rpmw croup showed less total duration at the
start but more at the end, iess mean dwration boih times, and greater :wsber at
the end.

11B - Accurate cutside. The Lwu-rpm sroup snhowed zreater total duration than
the AD-rpmn groun. but very similar number. Actually, the LC-rom grouv displayed

a larger number of instances per revolution, since trere are tewer revcluticns in
a hrial.

Effects g£ Distributien 2£ Practice:

The design of the experiment was such that although all Ss przcticed for
2L, trials of 20 sec each, 32 Ss were allowed no rest between Trials while %2 S
were given rests of HYU-sec duration. The resulis are prescnied graphically in
Fisures 12, 13, and 1y,

It should be noted that the yerformar cc\cf the two group
by chance during the initial 20-sec period, since nc differen =3 be
allowed at that time. An examinaticn of the grarhe veveals = differences
betmsen the grouns on the mean dwration of various typesz of n ments while a
rather high degree of agreement exists for the ovther scores. Ac ncted previously
caution sheuld =z=ccomrany any attempt to assian sipnificance tc differences among
mean duration scores.

differ onty
Cills) ern
I

3

o]

The followirne ic 2 description of sone »f the effects of the distrinution
varialle.

1A - Stylus tin on turntable but not moving. Practically rno instances,
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nd of practice, the distribute

2 - Stvlus and tarsot in contact. Ty the
t. s "nd m2an duration,

srostice ~roun showed much sreater total durati

g€ - Circular motion, but nct near target, Durir~ the last 20 sec of practice,
only the continuous practice group thowed an apvreciable %otal diratiorn, nw-ver, or
mean duration of these movements.

9A, ©3, 90 - Leading - outside, inside, and azcurate, respectively. These
rasconses were little dffected by this vari=bhle,

10A - Followi

ao, oubtside. By the last 20—s°c veriod, the continuous rractice
oroup showed a sligh e

t e ..-l t‘dbe! 2 v AanA V\\!m\\av‘
i

2|
(S
2 I DIPEPR )

i 1 QUL ON NG

I3

10B - Following inside. Juring the last 20 sec of practice the continuous-
practice sroup showed a greater total duration, and a somewhat greater number and
mean duration,

10C - Followin=T accuraic. he no-rest or continmuous-prractice grour showed a
greater total duratlon and number after vractice,

11A - Accurate inside. Durins the last 20-sec trial the contimicus-oractice
groap showed a yreater nusver; a S11ghbtly smaller mesn duration, and a
greatver total duration,

" B N
SLagliely

11B = Accurate outside. OSomewhat greater total duration and rumuer were shown
by the distributed-practice croup during the last 20-sec trial.

Effects g£ ?ractice:

The performance of all 6l Ss was measured during the first and last 20 sec of
the &-min practice period. By comparing performance during the two 20-sec trials,
it is possible to estimate the effects of practice on the varicus types of novements.
The major findings follow. 1t should oe noted that interactions oi vrachice and
the other variables have already been nmentiored in previous sections and accerdingly
arg (')T"littéd fromr discussion

3 ection. Pirures & thrcuzh 1! show the total
sr, and mean duration of

Seatld O UnaxCURi aei OX "

<
v
tyres of movements at the start and finish

1A = Stylus tir on turntable but not movine, Decrease in total auration,
number . and mean duration.

24 C+~r"~na nemA
[t aliva W

el RV

mean duratlon.

# - Circular mection, but not necr target. Decrease in toial duration, number,
and mean duration,

9A - Leadins outside, close to target. very siight Jdecrease in total duration
and number.

9B, 9C - Leading inside and leading accurate, respectively. Increase in total
duraticn, slirsht increass in number ard mean duration.
> ¥

108, tCE - Following outside and inside, resnectively. Decrecasze in Lotel
duration, numoer, amd rean duraticn,
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10C - Fellowinz accurate, OLecrease in hotal duration and numrer.

=

- Inside accwrate. Ircrease in total Jduration, number, and mean duration.

1iB - (utside accurate. Jncivase in total and mean duration.

NISCUSSTON

The resvlbs of the present study are comparable with those in other studies
only w#ith respect it toi:l durztion of stylus-target contacts (timne on target ver
trial) and to numter and mean duration of contacta {hits), as rointed oul ir. the
introduction. These results agree in every case where comparison can safely be
made with the results from other studies summarized there, which is taken to
indicate that the method used for recording and measurement is adequate and that
the groups are similar tc groums in cther studies.

It is apperent, howerer, that analysis of total duration, number, and mean
Aur on of stylus-target contacts does not by any means exhaust the possibilities
of the data. In fact, study of the figures and the results section of this paper
reveals a confusinm, rerhads even embarrassing, wealth of infermation. An attemnt
will now be made to organize and interpret these data to some extent.

The 18 types of movemants used can be classified into several main groupings
as foliows:

A. Maladapiive: - stylus tip not movine (1A)h, stylus withdrawn (1B),
reverse movenent (3), tapping (L).

B. Semi-adaptives: - Looping (5), cro sing (6), criss-crossing {7), circliing
: + -g o

4 4o tarset but not acress center (12),

C. Adantive: -

1. Correct - stylus on target ().

’

)
"
hid

=
'ci
ci
}
Y

a. Accurate - leadinc raccurate (9C), follewing accur=te (10C),
inside accurate (11A), culside accurste (1iiB).

b. Others - leading outside (9A), leading inside (9B), following
outside (lOA), foliswing inside (J.0B).

Since total duration of a movement is the most reliable index, and indir
includes the number and mean duration, the discussicn will oe in terms of

Using the above grouping, changes with oractice can be rharacterized rather
simply. Alithough few maladaptive and sermiadaptive responses ocorrred at amy time

- - N RSN ]

with practice the total duration of time tor such responses was redavsea oo almost

zero. Most of the adaptive movements which were not accurat~ 27=n tendad to decrease

with practice; however, leading insicde {9E) increased slightly witn vractice. The

I, ATl numbers i1 parentheses in the Discussion section refer to types of movements
and none Lo references.
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adaptive-rorrect and adapbive-acrurate-aprroximately-correct moverments gained in
total duration, except in the case of follicwine accurats (10C), which tended to

drop out, It world seem “hat improvement takes the form of an increase in the
precision of the circling movements recessary %0 peciorm the task and a decrease

in other types of movements. The S who canr make the hasic moverment but whese timing
is "off", is well on tho way.to a nigher nerforrmance level, as comnared with the

S who cannct make the basic movement,

3ince practicec, relative distribution of rractice, relatively slower required
rate of verfurmance, and relatively larger tarset all zpvear to make the performance
easier from the S's point of view, it is interestin~ to examine the cffects of
these variables on the total durations of the various tyves of movements. nNuite
naturally, all are associated with greater amount of time on tarmet (2). All are
also associated with less time during which the stylus was not movine (1A) or circling
cutside target area (&), Most of the easier task ennditinns also are arcompanied
by less time leading outside {3A); leadins inside (93), tfollowineg outside \lOA)
and following inside (10B). Leaaines acewrate (9C), following accurate {(10C) and
outside accurate (11B) show inconsistent results while inside accurate {11A) seems
to have a creater total duration under the easier task conditions. Thus, considering
the movements with an arpreciable incidence, it seems that the relatively less

Fal 2y

affortful the varticular variant of the task, the more nearly verformance will

ryach the optimum; with less-adavtive resvonses dropning out, 7This fact, of
curie, adds little to nrevious information except 4o indicate that a deserirvition
of performance under easier task conditions involves many aspects other than merely
vime on target scores. Althoush it was not the purnose of the nresent study, a

descrinrtion of the body movemsnts which result in the various stylus nositions would

o botn interesting and valuable,

s ingrease moan than the total duration of outside ‘ements. Inside accurate
movemerts (314) ehnw a ogroster absolute increase WLth p“a tice than do outside
movaisents fan) -qncnn.nv.n 1—it‘n Drﬂ ntq ) while 1ogdi

It is interesting to rnote that the total duratisn f'0:" incile movements tends

accurate \l.LD) Leaainc inside A=) increase QCUL

outside (9A) Adecreass. Fcllowi;g outside (I7A) ana following inside {10B) both
decrease tut the decrease ol the Iormer is somewna’ greater ana more consistent,
These differences are made areater by reguirins more accurate or ranrid performance
and to a considerable extent by relative massine of the mractice. Since outside
movements involve more work than inside movements, the fact that outside movements
drop out faster tends to support “he hypothesis that the most effortimi inmcorrect
movements drop cut faster than the less effortful ones. Another explanation is
equally prebable, however -—- anything which makes the task more difficult will

lead the S to make more movements "inside" the tarzet since this rosition is nearer
the center of movement of the target ard hence a more likely spot from which to
regain position on it, And, regardless of the task conditions, -tle nuwber of
inside movements should increase with additional practice because the S would
discover the adrantages of the inside position. -

U"J

a2

CONCIISION

This stndy; an analysis of photogranhic recordings of a econtinuous. perceptunal-
motor response, allows several general conclusions. Three of these are:

a. L reliszble method of breaking down movements in learning ard performine a

simple verceptual-motor task has been deveioped.
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b, This method has proven to’
where comparable, asree with those
seem reasonable in view of what is known a

in that results,
patterns of result-

c. This metiiod should be uselful in further investigations of skilled nerformance
and in programs which are desizned first to find, an? then to teach, the optimally
effective metheds of verformine certain continuous tasks.
has been used with much more complex skills, this is its first extensive application

to a relatively simple "homogeneous" skill,

VADC IR 5h=56
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APPENDTX
INSTRUCTTIONS

"Have you ever practiced on equicment si—ilar to this before?" (pointing
to apparatuc.: (If the answer is "ycs", the subject is rejeched. When the
response 33 "no*, thke followins instructions are given to the subject:)

"£s I mentioned in the classroor, the Psycholomy Department at the University
of Louisville has been helrinc the U, S. Air Force or a research program in metor
skills. What you sec before you is an arranzerment of equivment which will help
us to learn wore akout certain tyrmes of skills, You will nobice that above the
reund blacik disk, there is a camcra. Durin~ certair pmarts of your nractice, the

carmera will record your verformance,

"In a few moments the vlack disk will start turning. JZou will notice that on
the Aisk there is a round metal *arret. You are to hold the stylus in yenr hand
(rand subject the stylus) keepine the handle varallel to the floor. Grip the

nhanile loosely, keeninr vour fingers back of the sgnare cellar. When ths disk
starits turning you are to kee~ the point of the stvlus on the metal target as much
as nossitle,

Mictice that on the left side of the disk hou
These will record vour nerformance :* all t ;

try hard dwrinc your entire oractice from start to finlsh. “Remembes that your

performance w111‘be recorded at aIl‘fimes - evVeni n the camera i¢ not running.

rtain to hold the stylus by the hzndle in a loose, relaxed manner.

The Lin of Lhe siylus should touch vhe disk bub no attempt o push down on the
voint shouvld be rmade.
"Aire there any guestions?" (Any questicns
are answeyred, others dafer eé ta the e¢nd of pract
"Ready now -—-- do 2ot bergin until T say start." (The rotor starts —- two
écuinis laler Lhe camera starts an® the subﬁect is told:) "Start! Try very hard

o stay on Lhe target as much as nossible,

[ ]

(If the condition is a 20-second oractice, 5C-secend rest ccndition, the subject,
after each 20-second practice, is told:) ©Stop and look away from the equipment
but continue to heid the stylus." (&t yhe end of /|5 seconds rest, the signal,)
"Get ready — 3in position. (at 50 seconds) start at once."

{When the practice was comploted, the subiect was thanked for his help and
invited to return with questions after all subjects had been filmed.)
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